CONTEXT In recent years, point-of-care ultrasound (POCUS) has become a widely used clinical tool in a number of clinical specialties. In response, POCUS has been incorporated into medical curricula across the learning continuum, bolstered by enthusiastic appraisals of the technology's benefits for learners, clinicians and patients. In this project, we have sought to identify and understand the effects of dominant discourses influencing the integration of POCUS into medical education.
METHODS
We conducted a Foucauldian critical discourse analysis (CDA) to identify and analyse discourses that legitimise and privilege the use of POCUS in medical education. We assembled an archive of 473 texts published between 1980 and 2017. Each article in the archive was analysed to identify frequently occurring truth statements (expressing concepts whose truths are unquestioned within particular discourses) that we used to characterise the major discourses that construct representations of POCUS in medical education.
RESULTS
We identified three dominant discourses: (i) a visuo-centric discourse prioritising the visual information as truth over other clinical data; (ii) a utilitarian discourse emphasising improvements in patient care; and (iii) a modernist discourse highlighting the current and future needs of clinicians in our technological world. These discourses overlap and converge; the core discursive effect makes the further elevation of POCUS in medical education, and the resulting attenuation of other curricular priorities, appear inevitable.
CONCLUSIONS The three dominant discourses identified in this paper engender ideal conditions for the proliferation of POCUS in medical education through curricular guidelines, surveys of adherence to these guidelines and authoritative position statements. By identifying and analysing these dominant discourses, we can ask questions that do not take for granted the assumed truths underpinning the discourses, highlight potential pitfalls of proposed curricular changes and ensure these changes truly improve medical education. INTRODUCTION The use of point-of-care ultrasound (POCUS) by clinicians has expanded over recent years, accompanied by a growing interest in the use of ultrasound in medical education. 1 Ultrasound is now being used to teach anatomy and physiology, to augment trainees' clinical evaluation of patients and to assist with procedural guidance. [2] [3] [4] [5] To advocates of further integration of ultrasound in medical education, ultrasound presents an 'opportunity to revolutionize the way we see and examine patients' 6 and has become 'a versatile and essential tool within the field of medicine'. 7 Educators, they argue, 'must be proactive and stay ahead of this exciting and rapidly expanding technology to keep the 21st century students engaged'. 5 The discussion around POCUS in clinical medicine and medical education has extended beyond the academic literature. A January 2016 article in the Washington Post sparked a wide-reaching debate, centred on POCUS proponents' claim that 'The stethoscope is dead'. 8 Perspective articles in other newspapers eulogised the stethoscope in light of pocket-sized ultrasound machines that 'turn sound waves into moving images [that] are easier to interpret [. . .] and may produce a more accurate diagnosis'. 9 , 10 An editorial in a leading American cardiology journal challenged this view, arguing that 'the stethoscope is healthier than ever'. 11 That the debate has entered the lay press reflects the intense interest in the idea of POCUS as an integral part of modern clinical medicine. It also reflects the proliferation of academic publications on the topic over recent years. Searching PubMed on 1 June 2018 using the terms medical education and ultrasound returned 6950 publications since 2011, a 221% increase in annual publications over the prior decade. 12 In an earlier paper, we highlighted the scarcity of evidence for incorporating ultrasound training in undergraduate medical education. 13 There exists evidence supporting some clinical uses of POCUS; the evidence is most robust for the application of POCUS to improve the safety of certain bedside procedures. [14] [15] [16] Diagnostic applications of POCUS are much more common in clinical practice than procedural applications; however, there remains limited evidence of the clinical impact of these applications. The most widely cited review of POCUS lists dozens of diagnostic applications, although the authors' reference scant primary literature supporting these uses and concede that 'more rigorous study of patient-centred outcomes is recommended'. 1 Another more detailed review focusing mostly on cardiac POCUS diagnostic applications, concludes that physicians can 'enhance their care of critically ill patients' in several clinical settings. 17 Here again, the authors provide few references that demonstrate any clinical benefit from these diagnostic applications of POCUS.
Perspectives that are critical of the expanding clinical role of POCUS are rare and have been dismissed as the 'skepticism from practitioners steeped in older traditions', 2 or as the soon-to-bedisproven concerns of 'naysayers'. 18 One such group of 'naysayers' eloquently critique many clinicians' 'uncritical acceptance of bedside diagnostics' such as POCUS for being 'spurred by enthusiasm, not science' in a systematic review of the literature that demonstrated no evidence to support claims that hand-held ultrasounds improve clinical outcomes outside of a few procedural applications. 19 The authors also note, in response to strong disagreement with their conclusions, 20, 21 the 'real possibility of harm', such as the risk of overdiagnosis. 22 They were concerned about the applications of POCUS exceeding the evidence: 'our evidence base supports the device's use only for specific tasks, but carrying the device inherently lends itself to indication drift'. 19 In our prior paper, we demonstrated a similar pattern of rapid integration of POCUS into undergraduate medical curricula despite a demonstrably limited evidence base. 13 In letters to the editor, our findings have been disputed, deemed premature or felt to understate the clinical importance of POCUS and the training requirements for skilled use. 23, 24 Presenting 'an alternate view of the potential merits of teaching POCUS', Desy and Ma cite new and emerging clinical applications to declare their support for 'teaching POCUS to our learners to better prepare them for patient care in this modern era'. 23 Framing POCUS as a rare 'new way to see anatomy, physiology and pathology in real time', Carmody, Blackstock and Pusic worry that our 'excessive caution risks premature closure on an exciting new technology that has the faith of a large community of educators'. 24 Our current paper addresses the discordances between enthusiasm for POCUS and the clinical evidence base and between the excitement of teaching POCUS and the educational evidence base. We consider the larger context of medical education beyond undergraduate training to understand why, in the face of unknown risks of harm, unknown clinical benefit for many applications, existing constraints to curricular time and potentially escalating costs of purchasing and maintaining POCUS machines, further integration of ultrasound and POCUS is presented as a natural and inevitable development in medical education. Although the clinical uses of POCUS are highly relevant to the inclusion of ultrasound and POCUS in medical training, and the educational uses of POCUS (e.g. to augment anatomy or physiology education) could be considered a separate topic of study, we focus here on the common discursive conceptualisation (evident in our findings) of POCUS in medical education, incorporating both education with POCUS for current learning and education in POCUS for future clinical use.
This paper looks at the discourses that legitimise and privilege the use of ultrasound in medical education in spite of the aforementioned paucity of evidence for clinical or educational uses of ultrasound. The importance of ultrasound in medical education has grown, largely unquestioned, to a place of increasing centrality, especially in certain disciplines. To understand how and why this phenomenon has developed, we conducted a Foucauldian critical discourse analysis (CDA) of representations of ultrasound in medical education in academic publications. We sought to identify and analyse the dominant discourses that have influenced the emergence of ultrasound in medical education practices and shape its role in medical education today.
METHODS
Our methodology draws upon the work of Michel Foucault. 25 The concept of discourse was described by Foucault as 'a way of speaking' or 'the system or rules by which certain statements appear and not others'. 26 Foucauldian CDA aims to identify discourses important to particular constructions of the social world and to uncover the power relations between discourses. 27 In other words, Foucauldian CDA enables researchers 'to study constructs that might be considered ''natural'' in order to show, rather, how each is, in fact, a product of specific power/knowledge relationships founded on a series of repeated and legitimised statements'. 25 Foucauldian CDA is not a methodology intended to be wielded from a vantage point of unbiased objectivity; subject positions are required for 'making strange or problematising taken-for-granted truths, practices and identities that have become normalised'. 25 Our use of Foucauldian CDA is deliberate, as a means of resistance to dominant ideas, to interrogate the otherwise uncritical proliferation of ultrasound in medical education. However, this does not mean our goal is to tear down or advocate for the end of POCUS in medical education; resistance and critique can advance fields in constructive ways as much as enthusiasm and passion, as seen in understandings of competence and interprofessional education, for example. 28, 29 Our approach, like the methodology described by others, [30] [31] [32] [33] [34] begins with the assembly of an archive. We chose to limit our archive to publicly available academic publications. Although we recognise that statements beyond written texts or peer-reviewed literature are important elements of a discourse, we argue, like Haddara and Lingard, that the academic literature represents a 'domain within which individuals, ideas, and methods interact, and it is, therefore, a defensible research starting point'. 29 We further delimited our archive to articles available in English. We initiated our search in the MEDLINE database, using search terms including 'ultrasound', 'ultrasonography' and 'medical education', and retrieved 1205 articles published between 1970 and 2015 (no articles published before 1970 were identified using our search strategy). We excluded articles that did not address medical education and ultrasound by reviewing the titles and abstracts of all articles retrieved. We included articles on education in ultrasound across clinical specialties, including echocardiography and obstetrical ultrasound. We added to our archive by exploring relevant titles found in reference lists; as well, we used Google Scholar to identify articles that cited titles already reviewed. Our initial search was conducted in July 2015, and the most recent update was completed on 1 September 2017. A total of 1553 articles were reviewed for relevance to our project; our final archive consisted of 473 texts published in academic journals between 1980 and 2017. In our previous publication, we analysed 81 papers to identify rationales for the incorporation of ultrasound in undergraduate medical education from an earlier archive of 403 texts. 13 The expanded and updated archive of 473 texts includes the subset already analysed, extending the analysis as described below.
One author (ZF) read each article in our archive in full, looking for themes and ideas, identifying 'storylines' (lines or argumentation or logic) of the different representations of ultrasound in medical education over time, and revisiting previously analysed texts as new storylines emerged. These storylines were discussed at author meetings between all three authors, and we completed the following phases of analysis collaboratively. We located frequently occurring truth statements within these storylines (statements whose truth is considered beyond question). 26 These truth statements allowed us to characterise the major discourses that construct representations of ultrasound in medical education at particular times and places. Paying attention to contextual factors (author affiliations, journal, industry support), we analysed the rationales used to legitimise truth statements and discourses. 35 Finally, we described the discursive effects of the dominance of the identified discourses, in terms of the discursive objects created and diminished and the individuals and institutions that gain or lose power. 32 We were deliberately reflexive in our analytic approach, mindful of our subject positions in the context of the research topic and how these might affect our analysis. Specifically, we note that we all practise as non-radiologist clinicians, and only one of us (ZF) has clinical experience with POCUS. All of us have clinical and educational interests in person-centred care. We also share (and in some cases have published articles informed by) a scepticism for enthusiastically advocated innovations in medical education. 36, 37 
RESULTS
We identified three dominant discourses that have emerged over recent decades. These discourses intersect and overlap, and in concert serve to advance the seeming inevitability of further incorporation of ultrasound in medical education. The dominant discourses identified are: (i) a visuocentric discourse, which represents ultrasound as an instrument of 'truth' via the superiority of visual data; (ii) a utilitarian discourse, which represents ultrasound in medical education as a necessity to improve patient care; and (iii) a modernist discourse, which represents skill in ultrasound as a (new) core competency of the 21st century physician. Below we describe core features of each discourse and an analysis of how the discursive objects created and eliminated by these discourses converge to promote the position of ultrasound in medical education.
Our findings are summarised in Table 1 .
Visuo-centric discourse
The technology that enables the use of ultrasound converts information from sound into visual data, displayed on a screen as the operator manipulates the transducer. The legitimising rationale that elevates the visual information produced by an ultrasound over other methods of obtaining clinical information about a patient can be summarised in the phrase 'seeing is believing'. 18, 38 In other words, ultrasound's visual evidence is viewed as truth, more accurate (truthful) than clinical information provided via other senses. In this discourse, ultrasound can standardise and improve the teaching of anatomy and physiology and can rid education and clinical medicine of the ambiguity inherent in traditional physical examination manoeuvres.
Dissecting these statements, we can focus on individual truth claims about anatomy and physiology, physical examination and diagnostic accuracy. In the case of anatomy and physiology, authors propose that 'Because ultrasound imaging provides a means of visualising structure and movement in a living person, [. . .] it could be used to enhance and facilitate the learning of functional clinical anatomy'. 39 Similarly, 'Ultrasound provides direct visualisation of underlying anatomy and physiology, which reinforces the knowledge taught by traditional methods'. 40 Regarding the teaching of physical examination techniques, Mircea makes the following statement that summarises this truth claim:
The basic consideration taken as a starting point is that it is easier for medical students to grasp and retain basic aspects of medical semeiology if, beside the traditional instruments (anamnesis, inspection, palpation, percussion, auscultation), they can also resort to a visual method for examining patients, namely ultrasonography. Our vision is that ultrasonography is the ideal tool in order to actually 'see' and easily understand what stands behind an objective semeiological modification such as a fluid collection, a palpable mass or a heart murmur. 41 Several researchers have studied whether the use of ultrasound as a teaching tool in a physical examination curriculum can aid in learning, theorising that the benefit might be 'related to students' directly visualizing the anatomy and physiology corresponding to characteristic findings on the physical examinations'. 47 The concept of 'visual feedback' to improve students' technique when learning physical examination skills is referred to by several authors. [48] [49] [50] [51] An assumption of the improved diagnostic accuracy provided by ultrasound visualisation further exemplifies this discourse. The elevation of visual truth is expressed typically in the following quote:
The instantaneous ability to "look inside" patients to accurately and definitively make an increasing number of important diagnoses can become the standard of care in lieu of such past diagnostic methods as deep peritoneal lavage, fluid waves, pericardial rubs, heart murmurs, and bimanual examinations. 42 Non-visual methods of obtaining clinical information are maligned as 'unreliable' when compared with the 'direct' evidence of ultrasound: 'traditional physical examination and auscultation have repeatedly been shown to be unreliable in differentiating underlying causes of disease, whereas bedside US [ultrasound] allows direct appreciation of clinically relevant findings even by novice users'. 52 In a commentary in 2014 entitled: 'Handheld Ultrasound Devices and the Training Conundrum: How to Get to "Seeing is Believing", Mulvagh and colleagues begin by discussing the stethoscope's 'misnomer'. 18 The tool 'is indeed a "stethophone," as it allows listening […] rather than truly seeing', with a handheld ultrasound device 'a true stethoscope, the user can refine clinical decision-making and optimize the choice of further testing and treatment'. 42 The supremacy of sight over other senses is pervasive across our archive and is rarely challenged; its' obviousness is manifested in articles' titles: 'Teaching the Internist to See', 53 'To Truly Look Inside' 54 and 'Seeing is Believing'. 38 The primary discursive implication of the legitimisation of the visuo-centric discourse is the reduced importance of non-ultrasound (non-visual) teaching techniques and diagnostic manoeuvres, which are 'subject to limitations.' 55 Ultrasound-based anatomy and clinical skills teaching is held to be superior to non-ultrasound-based curricula by virtue of allowing 'direct visualisation' and 'visual feedback'. Ultrasound provides 'proof' unavailable through other methods of teaching: 'Ultrasound can confirm the findings, convince the trainer, the trainee, and the patient', 56 and 'real-time, visual feedback […] has tremendous potential to improve learning efficiency and contribute to deep learning'. 57 Among the discursive objects created by this discourse, researchers continue to publish reports comparing ultrasound-integrated curricula with traditional curricula, in an effort to prove ultrasound's superiority. 5 As the field has progressed, questions have been raised about the ability of non-ultrasound-trained clinicians and educators to continue to participate in medical education; the following titles give a sense of the discussion: 'Not-so-old Dogs and Not-so-new Tricks', 58 'Keeping Up With Emergency Department Ultrasound', 59 and 'New (or Not-so-New) Tricks for Old Dogs'. 60 These titles seem to suggest that early adopters ('new dogs') should gain a privileged position within new curricula that integrate ultrasound at all levels of medical training, whereas others may be left out. 4, 61, 62 The articles themselves are more measured than the headlines, 58, 59 but the tone and terminology in the titles imply that educators and clinical supervisors not using POCUS could lose credibility when teaching ultrasoundsavvy students using traditional methods.
Taken to an extreme, the emphasis on visualising patients' organs and the elevation of ultrasound findings over other data sources (e.g. clinical history, physical examination findings) could lead to a reductive definition of diagnosis: a finding on the ultrasound screen is equated with knowing what is wrong with the patient. The patient's body is objectified and viewed as the site of valuable medical knowledge about the patient; the patient's history and experience of health and illness could be minimised by this discourse. The different 'texts' that a clinician can explore to understand a patient's illness, as described by Leder in his exploration of medical hermeneutics, include an 'instrumental text' (what the tests say about the patient's illness). 63 However, the search for 'objective truth' by way of instrumental texts (laboratory investigations and radiology findings) 'is doomed to fail'; ultimately, 'The patient's own interpretations come to seem irrelevant, even misleading, in the face of an idealized gaze or set of numbers'. 63 Clinical radiologists have also begun to reflect on the problematic reductionistic approach one can become trapped within when overly focused on the visual data from 'the patient's interior'. 64 On the other hand, one author argues that POCUS can enrich the physician-patient relationship as the 'device allows the patient to visually share in the experience of the examination, rather than having the auscultation findings exclusively experienced by the examining physician alone'. 54 The effect on the patient experience is one of several outcomes that remain to be evaluated. 65 
Utilitarian discourse
The visuo-centric discourse is central to current representations of ultrasound in medical education, but did not emerge explicitly in our archive until around 2007. 42 An earlier emerging and enduring discourse focuses on the utility of ultrasound in clinical medicine and its role in improving patient care. In the earliest text in our archive (1980), ultrasound was represented as a safe, clinically important, modern technology likely to become a central skill for future physicians and a 'routine part of resident and medical student instruction'. 66 Across nearly 40 years of publications a dominant representation of ultrasound in medical education is that of a very modern, almost futuristic tool, 'the stethoscope of the future' or 'the stethoscope of the 21st century', that would improve patient care. [67] [68] [69] This discourse is congruent with broader representations of modern medicine: anchored by the progress of science, based on the best available evidence, employing modern technology, and in so many ways better than the '[t]radition, anecdote, and theoretical reasoning' upon which 19th-and 20th-century medical practices were based. 70 The key assumptions underpinning the utilitarian discourse are: that ultrasound is safer, cheaper and more effective than the clinical and educational technologies from the 19th and 20th centuries (physical examination, the stethoscope and X-rays); that ultrasound technology is outpacing education in ultrasound skills; and therefore that extensive, integrated, and evidence-based education is required to ensure current and future physicians can practise '21st century medicine'.
The clinical importance of ultrasound is emphasised in different ways over time. In early articles, authors reassured readers regarding the safety of ultrasound waves for patients: 'To the best of our knowledge, the biologic effects of ultrasound at the energy levels used for diagnostic purposes are extremely small and no untoward reaction has ever been reported'. 71 An implicit connection is made between long-term use ('Diagnostic ultrasound has been used in medical practice for five decades' 72 ) and safety ('It can be universally applied without contraindications' 73 ). Frequent allusions to longterm use are found in opening sentences beginning with phrases such as 'Over the past 25 years'; 74 with some variation in time period cited, this phrase is found early in the introduction of 52 articles within the archive, and as the opening phrase in 14. In this discursive framing, the reference to the passage of time is used to connote safety.
The meaning of safety within this discourse shifted with the advent of the patient safety movement. Authors made direct reference to landmark patient safety reports 75, 76 and began reframing the use of POCUS as a necessity for safe practice in certain clinical situations; among the earliest examples was the case of ultrasound-guided central venous access. 77 The rationale for elevating POCUS as a clinical tool makes use of terminology borrowed from the dominant patient safety discourse:
Ultrasound, as performed by emergency physicians at the bedside, has revolutionized the diagnostic capabilities of EPs and improved patient safety and diagnostic efficiency, and decreased throughput times for patients in emergency departments across the country. 78 In these examples and others, authors choose to summarise the evidence for improvements in different outcomes (patient safety and costeffectiveness) because of different applications of POCUS (procedural guidance and diagnostic applications) in single sentences, demonstrating a belief in the strength of evidence supporting an expanding role for POCUS.
We find statements establishing the safety of ultrasound, in the Hippocratic sense (doing no harm to patients), represented by long use of the technology and in a more modern sense (improving the quality of patient care) represented by the profusion of studies demonstrating 'mounting clinical evidence'. Concurrently, technological advances allowed for 'pocket-sized' or 'hand-held' ultrasound machines, leading to both excitement and concern about the forthcoming ubiquity of ultrasound. 19, 21 These themes (safety and technological advancement) intersect to produce two rationales necessitating training in ultrasound. The first rationale speaks to the anxiety that the 'technology is outpacing education':
The rate at which bedside ultrasound use is spreading, and the continuing development of new applications, may outpace training of adequate numbers of qualified users. This presents the risk of practicing under conditions of inappropriate training or quality control. 79 This discourse integrates different representations of safety and an urgent need for education to culminate in the desire to ensure all patients are beneficiaries of '21st century care':
With the widespread agreement that bedside US [ultrasound] can increase patient safety, reduce costs, and guide management in real time, there is now a growing push for physicians to be exposed to systematic US [ultrasound] education. 52 The utilitarian discourse of ultrasound in medical education facilitates the voluminous production of publications dedicated to the topic. Having established that ultrasound is the clinical tool of the future and that future physicians require adequate training in its use, the relevant questions to be answered relate to the best methods of teaching, assessing and accrediting ultrasound skills. The key language of this aspect of this discourse includes 'operator-dependent', 'minimum standards', 'competence', 'learning curves' and 'numbers of procedures'. Advocates argue for more resources devoted to the growing field:
Point-of-care ultrasound in medical education is engrained and will grow exponentially in the coming years. To nurture this growth and overcome future challenges, we must be prepared to allocate appropriate resources to this worthy cause. 5 These resources include the time and reputations of medical education researchers. Researchers within the domain of ultrasound in medical education develop their subject field expertise by presenting and publishing their research. Dissemination of academic work by presentation or publication is well understood as necessary to develop the academic capital (which has both cultural and symbolic aspects, cf. Bourdieu One largely unmentioned resource required for the widespread adoption of POCUS in clinical medicine and medical education is the significant amount of money required to purchase and maintain sufficient ultrasound machines for all trainees and physicians. Manufacturers are an important institutional force that gain power through the utilitarian discourse that positions their products as necessary for safe and effective medical education and medical care. A single review makes explicit reference to the support provided by ultrasound manufacturers in the development of integrated curricula. 81 Manufacturers provided the ultrasound machines used in the most ambitious 'integrated' undergraduate curricula, as noted in the articles' acknowledgement sections. 4, 61, 82, 83 In 21 other articles within the archive, manufacturer donations were acknowledged in some way.
The most profound institutional changes produced by the utilitarian discourse are curricular changes at the postgraduate and (more recently) undergraduate levels. A model curriculum for emergency medicine residents was published in 1994 in response to questions 'regarding appropriate use, training, and credentialing'. 84 This publication was cited by 44 other articles in the archive; several papers assessed adherence to the guidelines laid out in this curriculum by surveying emergency medicine residency programmes. [85] [86] [87] [88] [89] Other postgraduate ultrasound curricular guidelines have been published, as have similar surveys of adherence, for example in critical care. 79, 90 These guidelines and surveillance of adherence to them exert tremendous power over the residency programmes, programme directors, residents and teachers within the programmes. Leaders in ultrasound in education gain power within local institutions and nationally or internationally if they are involved in the production of guidelines or dissemination of curricula.
At the undergraduate level, several groups have described 'vertical' integration of ultrasound across all years of medical school. 4, 61, 82, 83, 91, 92 As in the postgraduate world, curricular guidelines have been published, 41, 62 along with surveys of adherence. 3, 93 One group has published a guide to help navigate challenges and barriers to integration of ultrasound in undergraduate medical education. 94 The drive to incorporate ultrasound into medical school is further legitimised by authoritative statements (American Academy of Emergency Medicine position statement: Ultrasound should be integrated into undergraduate medical education curriculum). 95, 96 These developments demonstrate the productive power of the utilitarian discourse.
Modernist discourse
The third dominant discourse in our archive, the modernist discourse, represents POCUS as a tool and symbol of modernity. The principal symbolic comparison made is with the stethoscope (see titles: 'Ultrasound: The Stethoscope of the Future, Alas', 68 'It Is Time for the Sonoscope' 97 and 'Adding New Tools to the Black Bag-Introduction of Ultrasound into the Physical Diagnosis Course' 98 ). In this discourse, POCUS is to the modern clinician as the stethoscope was to previous generations. Whereas the stethoscope, over the past two centuries, has often been central to a physician's identity, as obsolete technology, the stethoscope will inevitably be replaced by a more state-of-the-art tool, just as early 20th-century writers and artists associated with Modernism felt that traditional technologies and techniques were obsolete and ill-equipped for dealing with the industrialised modern world. 99 The modernist discourse necessitates education in ultrasound across all levels of medical training and frames proficient use of ultrasound as a core competency for modern physicians.
The first reference in our archive comparing POCUS with the stethoscope was quite reproachful:
As we look at the proliferation of US [ultrasound] instruments into the hands of untrained physicians, we can only come to the unfortunate realization that diagnostic sonography truly is the next stethoscope: used by many, understood by few. 68 This scathing editorial was published in 1988 and was written by a radiologist to an audience of radiologists. Ironically, later articles cite this editorial as a source of the ultrasound-stethoscope analogy to highlight POCUS's potential (e.g. 'as an imaging support for clinical decision-making and enhancement of the precision of physical examinations' 100 ). Others highlighted the possible ulterior motive of protecting radiologists' 'turf': 'Additional resistance to credentialing is offered by specialties who consider ultrasound to be their exclusive practice domain'. 101 In 2003, we find a tense dialogue, again involving the author of the 1988 editorial, discussing whether 'It Is Time for the Sonoscope'. 97, [102] [103] [104] [105] In this instance, the audience was broader than radiologists. One editorialist envisioned a 'sonoscope' as a tool level with the stethoscope or ophthalmoscope, extending the physical examination, different from a 'true sonographic imaging procedure'. 97 In a counterpoint, the initial critic (Filly) demanded a 'well-thought-out study' that demonstrates improved patient outcomes and the financial and temporal costs associated with broad adoption and education in 'sonoscopy'. 102 A letter in reply to both authors asserted again their 'territorial' motivations:
Unfortunately, the clear motivation and the focus of the authors' rhetoric were to protect the vested financial interests of those they view as the legitimate providers of ultrasound services by proposing that no reimbursement would be available to non-traditional providers. 104 A more recent editorial recalling these past discussions advocates against the ultrasoundstethoscope association out of a concern that it devalues the power of POCUS, and perhaps the ability of non-radiologists to be paid for its use. 106 By using the terminology of clinical tools ('stethoscope', 'sonoscope' and 'black bag'), authors highlight the move of ultrasound into the clinical realm, for better or worse.
The discourse gradually shifted, with authors using the comparison of ultrasound machines with stethoscopes or other clinical tools as the rationale for research into the ability of students to learn ultrasound skills. [107] [108] [109] [110] As an example of the evocation of history to encourage current training in POCUS skills, one group of authors explicitly frames the issue thus: 'A century ago, physicians had to master stethoscopes. Graduates should now master miniaturized echoscopes'. 111 Phrases such as 'visual stethoscope of the 21st century' connote the rapid spread of ultrasound use in clinical specialties, necessitating detailed training and markers of competence. 45, 65 This has led to calls for specific objectives in ultrasound skills, as POCUS is now an 'emerging essential competency' in many clinical specialties. 46 The most recent and influential discursive trend in our archive makes an interesting historical link to the invention of the stethoscope, by recalling its inventor Ren e-Th eophile-Hyacinthe La€ ennec. The first reference that mentions La€ ennec dates to 2003, 112 although the narrative does not re-emerge in the archive until early 2014. 2, 18 The common storyline includes several premises: the stethoscope is an old technology ('almost 200 years' old) that has barely changed, it is misnamed ('scope = to look in'), it is closely connected with the identity of physicians ('it endures as an icon of our profession'), and advances in ultrasound technology (especially miniaturisation and cost) should allow the stethoscope's complete replacement. 2, 54 Other references to La€ ennec link the proliferation of the stethoscope across clinical medicine to the inevitability of a similar proliferation of POCUS. 69, 113, 114 In two texts, authors use the words of La€ ennec's English translator (John Forbes) as a parable to ridicule the absurdity of contemporary critics of innovative diagnostic technologies, employing the following quote regarding the future use of the stethoscope: 'notwithstanding its value, I am extremely doubtful; because its beneficial application requires much time, and gives a good deal of trouble both to the patient and the practitioner'. 2, 115 This is a partial quote, from the translator's preface to the first edition. The entire quote gives a better sense of Forbes' interest in and advocacy of the stethoscope:
I have no doubt whatever, from my own experience of its value, that it will be acknowledged to be one of the greatest discoveries in medicine[emphasis added] by all those who are of a temper, and in circumstances, that will enable them to give it a fair trial. That it will ever come into general use, notwithstanding its value, I am extremely doubtful; because its beneficial application requires much time and gives a good deal of trouble both to the patient and the practitioner; and because its whole hue and character is foreign and opposed to all our habits and associations. It must be confessed that there is something even ludicrous in the picture of a grave physician formally listening through a long tube applied to the patient's thorax, as if the disease within was a living being that could communicate its condition to the sense without. 116 Asking 'what it will take to replace the stethoscope with a handheld ultrasound device for every clinician', a recent editorial in The Lancet gives clear expression to the modernist characterisation of POCUS as the technologically modern heir to the stethoscope:
There is no doubt that the stethoscope will be with us for some time, but with the emergence of more informative handheld ultrasound technologies, the stethoscope's iconic position could someday be relegated to the historical realm of the doctor's black leather bag or the staff of Asclepius. Given the stethoscope's 200-year evolution, one can only imagine what tools physicians will use to truly "look inside" in the coming two centuries. 54 The modernist discourse, positioning ultrasound skills as a central competency for modern clinicians, further legitimises the increasing centrality of ultrasound in medical curricula. Merely by naming ultrasound as a competency, physician roles become redefined. In the field of emergency medicine, the American licensing examination included questions about ultrasound as early as 1999, fueling growth in ultrasound training within residencies. 117 If competence in core ultrasound skills becomes required for graduation from medical school, as envisioned by proponents, 62 medical schools will be under similar pressures to modify curricula to meet these objectives. The placement of POCUS as the identity-defining clinician's tool impacts the professional roles of other health care providers, including radiologists, cardiologists, ultrasound technicians and echocardiography technicians. This territorial power dynamic may have complex and unforeseen consequences for the professional identities and authoritative positions of each involved specialty. 118 Finally, centralising POCUS skills in the modern physician's skill set has important implications. Some of the clinical skills necessary for 20th-century clinical practice are deemed obsolete in the presence of a futuristic diagnostic technology, presented discursively almost as a medical 'Tricorder' from Star Trek. 119 In clinical practice, physicians' use of POCUS could decrease the application of traditional clinical skills; in an educational setting, learners would take cues from their teachers and lose interest in gaining proficiency in physical examination techniques or even history-taking skills. The direction of education scholarship and curricular innovation are also affected, with less emphasis on outmoded technologies (e.g. stethoscopy and cadaveric dissections) and a corresponding loss of standing and authority for experts in these fields. DISCUSSION We have identified three intersecting dominant discourses that have shaped the emergence of ultrasound in medical education and continue to influence its representations today. The visuo-centric discourse of ultrasound in medical education represents ultrasound as an instrument with which a clinician or educator can obtain 'truth' about a patient's internal organs. The utilitarian discourse of ultrasound in medical education represents ultrasound as a superior clinical tool, necessitating ultrasound training to take advantage of benefits for improved patient care. The modernist discourse of ultrasound in medical education represents ultrasound as the spiritual and technologically advanced successor to the stethoscope, usurping a 200-year-old instrument's place as a symbol of and core clinical tool used by 21st-century physicians.
The importance of identifying these discourses lies in the power associated with discourses. As described by Hodges: 'The dominance of one discourse over another has significant implications for what is considered legitimate, what positions are made available for individuals, what will get published, what will be funded and which institutions will gain power and influence'. 28 These three discourses enable the proliferation of academic research published on ultrasound in medical education. They make possible the curricular guidelines, surveys of adherence to these guidelines, and position statements that exert enormous influence over undergraduate and postgraduate training programmes. The effects include a loss of importance of traditional clinical skills, examination techniques and patients' narrative experiences in favour of the effective, objective and objectifying visual data of patients' organs. Perhaps most tangibly, the discursive effects result in financial benefits to device manufacturers as well as clinicians who bill insurers for POCUS studies in daily clinical practice.
To be clear, we do not doubt that POCUS has a role in the clinical practice of many physicians; likewise, POCUS must have a role in medical education. However, the dominance of the discourses described here provides little room for disagreement with obvious conclusions about the inevitable centrality of POCUS in medical training. We can draw premises from these discourses to construct a seemingly irrefutable argument:
1 Traditional clinical skills are tools at an automatic disadvantage; the use of the physical examination is likened to playing 'hide and seek' with a blindfold ('blindly' palpating). 21 2 There is a moral imperative to incorporate ultrasound in medical education. Who can argue with the promise of 'better health care for both individuals and populations'. 43 By corollary, clinicians and educators who are nonadopters provide (and train future physicians to provide) substandard 'pre-ultrasound' health care. Although our research is conducted from a critical social science perspective, the goal was not to critique for the sake of delegitimising or invalidating this area of medical education research, but rather to advance the field through critical inquiry. Leaving truths uninterrogated ignores possible unanticipated consequences. Our aim was to identify and analyse the discourses that have been used to legitimise the uses of POCUS in medical education, make evident changes in power relationships created by this legitimisation, and enable us to pose questions that do not take for granted the assumptions underpinning the identified dominant discourses. In Table 2 , we list some questions that address truth claims from each discourse as a starting point for critical challenges to the accepted truths of these discourses. These questions help to articulate concerns raised about the discursive implications of the prevailing discourses in this literature. Our exploration of representations of ultrasound in medical education takes a focused look at a specific technology that many medical educators may not consider directly relevant to their current or future clinical work. However, this research illustrates how legitimising discourses can lead to the imposition of considerable changes in medical education. The incorporation of new and expensive technologies into medical education requires rigorous evaluation and should not proceed unquestioned at the suggestion of advocates and enthusiasts alone. We must have evidence, not simply 'considerable promise', not only faith -even 'the faith of a large community of educators' -that the recommended changes improve medical education. 24, 36 Examining our conclusions reflexively, acknowledging the analytic influence of our subject positions as described in the Methods, we recognise that innovation and experimentation are part of the process of how technologies, medicine and society evolve. POCUS may in fact be the future of clinical care and medical education. However, critiques calling attention to dominant discourses allow us to think about and highlight potential concerns and ensure that high-quality person-centred care remains the core of our aims, over a drive for simply more testing, treatment and medicine. 127 By contrast with the enthusiasm of advocates, some authors have highlighted commercial interests as an important driver of research activities and adoption of new medical practices at the risk of future reversal once adequate evidence is accumulated. 128, 129 In conclusion, we must be prepared to critically evaluate the discursive consequences of how change and innovation are represented within medical education research. Although dominant discourses can frame a new medical or educational practice as inevitable, we must strive to understand the effects of changes, in clinical practice or in training, on the aspects of care valued by patients.
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